Morphine modulation of the ubiquitin-proteasome complex is neuroprotective.
Over the past several decades, there is a growing need for the development of neuroprotective compounds, e.g, those that can prevent neural death. It was proposed that nitric oxide (NO), when induced by morphine, would produce neuroprotection in a human neuroblastoma cell line when tested concomitantly with compounds that produce intracellular oxidative stress and neuroinflammation. NO involvement in intracellular protein degradation controlled by the ubiquitin-proteasome complex was examined. Experiments were performed examining the following: a) neural cell viability and morphology; b) gene specific mRNA levels via semi-quantitative RT-PCR; c) protein levels via Western blotting; d) enzymatic activity via fluorogenic substrate-cleaving assays; and lastly, NO release via the Apollo 4000 real-time amperometric detector. Morphine induces the production of NO in human neuroblastoma cells, which can be blocked by naloxone and the cNOS inhibitor L-NAME. Rotenone, which induces oxidative stress and increases the expression of the proteasomal catalytic X subunit, causes the cells to die and morphine inhibits this process via NO. Rotenone also increases the activity of the 20S proteasome, whereas morphine alone or in the presence of rotenone caused a decrease in the activity of the 20S proteasome. Morphine decreases the expression of the immunoproteasome catalytic subunit LMP7 in response to inflammatory stimulation, demonstrating that morphine's neuroprotective action does not apply to only oxidative stress. Morphine significantly increases free ubiquitin, suggesting that morphine is inducing neuroprotection by reducing the amount of oxidized proteins targeted for degradation. Significant neuroprotection on the cellular and molecular levels was demonstrated and serves as a foundation for future work concerning the development of novel ligands for morphine's mu3 opiate receptor in an effort to prevent cellular death associated with neurodegenerative diseases.